Circular dichroism and x-ray spectroscopies of Azotobacter vinelandii nitrogenase iron protein. MgATP and MgADP induced protein conformational changes affecting the [4Fe-4S] cluster and characterization of a [2Fe-2S] form.
Nucleotide interactions with nitrogenase are a central part of the mechanism of nitrogen reduction. Previous studies have suggested that MgATP or MgADP binding to the nitrogenase iron protein (Fe protein) induce protein conformational changes that control component protein docking, interprotein electron transfer, and substrate reduction. In the present study, we have investigated the effects of MgATP or MgADP binding to the Azotobacter vinelandii nitrogenase Fe protein on the properties of the [4Fe-4S] cluster using circular dichroism (CD) and x-ray absorption spectroscopies. Previous CD and magnetic CD studies on nitrogenase Fe protein suggested that binding of either MgATP or MgADP to the Fe protein resulted in identical changes in the CD spectrum arising from transitions of the [4Fe-4S]2+ cluster. We present evidence that MgADP or MgATP binding to the oxidized nitrogenase Fe protein results in distinctly different CD spectra, suggesting distinct changes in the environment of the [4Fc-4S] cluster. The present results are consistent with previous studies such as chelation assays, electron paramagnetic resonance, and NMR, which suggested that MgADP or MgATP binding to the nitrogenase Fe protein induced different conformational changes. The CD spectrum of a [2Fe-2S]2+ form of the nitrogenase Fe protein was also investigated to address the possibility that the MgATP- or MgADP-induced changes in the CD spectrum of the native enzyme were the result of a partial conversion from a [4Fe-4S] cluster to a [2Fe-2S] cluster. No evidence was found for a contribution of a [2Fe-2S]2+ cluster to the CD spectrum of oxidized Fe protein in the absence or presence of nucleotides. A novel two-electron reduction of the [2Fe-2S]2+ cluster in Fe protein was apparent from absorption, CD, and electron paramagnetic resonance data. Fe K-edge x-ray absorption spectra of the oxidized Fe protein revealed no changes in the structure of the [4Fe-4S] cluster upon MgATP binding to the Fe protein. The present results reveal that MgATP or MgADP binding to the oxidized state of the Fe protein result in different conformational changes in the environment around the [4Fe-4S] cluster.